ABSTRACT--Heavy mortalities due to luminescent vibriosis have been observed among pond-cul tured Penaeus monodon shrimp in the Philippines. The species composition of luminescent Vibrio associated with mortalities was determined.
Bacterial diseases caused by members of the genus Vibrio are often the limiting factor in penaeid shrimp cul ture operations worldwide. Most of Vibrio species are part of the normal microflora of marine environment and also considered to be facultative pathogens.
In the Philippines, vibriosis is the primary cause of the collapse of black tiger shrimp Penaeus monodon industry.
Black tiger shrimp is the major penaeid shrimp spe cies being cultured commercially in the Philippines. The production of farmed shrimp was 47,591 t in 1990 and reached its peak of 90,426 t in 1994 (Rosenberry, 1996) . Shrimp production started to decrease in the fol lowing year and fell to 35,000 t in 1998 (Gallagher, 1999) due to mass mortality in grow-out ponds. Farms that adapted intensive farming system, especially those in the province of Negros Occidental where the largest number of intensive shrimp farms are located, were most severely affected. It was so severe that out of 250 reg istered shrimp farms, only about 10% are presently oper ating. The sharp decline in production was due to the luminescent vibriosis causing mass mortalities of shrimp in grow-out ponds.
Luminescent vibriosis due to Vibrio harveyi has been reported to cause mass mortalities in hatchery reared larval P. monodon (Lavilla-Pitogo et al., 1990; Ruangpan, 1998) . However, its occurrence started in the last quarter of 1993 in shrimp grow-out culture phase (Lavilla-Pitogo and de Ia Pena, 1998). Since then, lumi nescent vibriosis has become the major limiting factor in shrimp grow-out operations.
V. harveyi is one of the 11 Vibrio species infecting cultured penaeid shrimps in Asia (Lavilla-Pitogo, 1995) . Heavy mortality associated with massive bacterial infection in the digestive organ of the shrimp has been observed among pond-cultured P. monodon especially in the first 45 days of culture. Mortality in most cases exceeded 70% resulting in the termination of rearing activities and the collapse of shrimp farming industry in the Philippines. Infected shrimps are usually found near the edge of ponds, weak and without appetite. During the night, shrimps which are heavily infected can be seen in the dark near the edge of ponds emitting a greenish light due to the over whelming presence of luminescent vibrios inside the body of the shrimp. There is no significant external manifestations of the disease except for the occacional darkening of the cephalothorax region in the area of the hepatopancreas and opaqueness of abdominal muscles especially in the fifth and sixth segments.
The target organ of infection is the hepatopancreas. Histopatho logical examination revealed severe inflammation in and around the hepatopancreatic tubules of the entire organ. Intense pathological disruption of the hepato pancreas was more prominent in smaller animals than in the larger ones (Lavilla-Pitogo and de Ia Pena, 1998) . conducted a monitoring of bacterial population in the rearing water of several ponds for 60 days from the time the ponds were flooded with water. The results revealed that the occurrence of mortalities was preceded by a shift of the bacterial profile of the rearing water in infected ponds to a dominant lumi nescent Vibrio. Leano et al. (1998) determined the bac terial flora in the hepatopancreas and the safe level of luminous Vibrio in the shrimp. Their results showed that most were Vibrio species dominated by V. harveyi and the safe level was 102 cfu/hepatopancreas. How ever, a pathobiological understanding of the disease must also be based on a detailed characterization of the causative agent such as studies on the species compo sition of the luminescent Vibrio. The present study was undertaken to determine the species composition of the luminescent bacteria isolated from affected shrimps, rearing water and seawater from different P. monodon farms in 11 provinces of the Philippines. (MacFaddin, 1980) . Inoculated test media were incubated at room tempera ture for the required period. Identification were con ducted according to the schemes described by Alsina and Blanch (1994) , and Holt et al. (1994) . Table 2 . Characteristics of bacteria isolated from the hepatopancreas of P. monodon, rearing water and near-shore seawater from different shrimp farms in 11 provinces of the Philippines com pared to some reference strains The most dominant luminescent bacterial species is V. harveyi (65.5%) followed by V. logei (7%), Photobacterium (6%) and V. orientalis (1 %). For the non-luminescent Vibrio species, the following were identified as: V. campbellii (16%), V. mediterranei (3%), V. fluvialis (0.5%), V. cholerae (0.5%) and V. splendidus II (0.5%) ( Table 3 ). The present isolates identified as the non-luminescent Vibrio species, how ever, exhibited luminescence on NA with 1.5% NaCl. The V. harveyi isolates exhibited uniform characteristics except for the reactions in citrate and acid production from sucrose.
Pathogenicity test
As shown in Table 4 , shrimps were killed by injec tion challenge and the 3 V. harveyi isolates exhibited the same median lethal dose (LD50) at exactly 106 cfu/shrimp while the V. campbellii between 106 and 107 cfu/shrimp. The LD50 produced by V. harveyi is less than one order lower than V. campbellii which is not so significant. No mortality was observed in the control groups. Most of the moribund shrimps exhibited lethargy and pale body coloration while some displayed opaqueness of abdomi nal muscles.
In the dark, some of the moribund and recently dead shrimps exhibited luminescence in the body due to the heavy infection with the pathogen.
In oculated bacteria were re-isolated in pure culture from the hepatopancreas of all dead shrimps from the infected groups.
Discussion
There are seven luminescent bacterial species un der the Family Vibrionaceae; two under the Genus Photobacterium, Photobacterium leiognathi and P.
phosphoreum, and five under the Genus Vibrio, V. fischeri, V. logei, V. orientalis, V. splendidus biovar I, and V. harveyi (Holt et al., 1994) . A combination or one of these bacterial species may cause the luminescent vibriosis that is associated with mass mortality of pond cultured shrimp in the Philippines.
Results from this study revealed a varied composi tion of Vibrio species isolated from the epizootics of luminescent vibriosis in shrimp farms. A total of nine species were identified to compose the luminescent Vibrio. Majority of the isolates were identified as four species of luminescent Vibrio while some isolates, based on their characteristics, were classified into non-lumines cent Vibrio species.
The major factor leading to the classification of some isolates to species of non-lumines cent Vibrio is due to the variability in the decarboxylase reactions.
Some isolates displayed variability in their decarboxylase reactions after repeating the tests for 3 times with exactly the same set of test media, reagents and culture conditions. West et al. (1986) concluded that biochemical criteria are not always sufficient to distinguish between some Vibrio species because of their variable characters.
The close phenotypic and genotypic relationship between V. campbellii and V. harveyi (Pedersen et al., 1998) is also a factor to con sider why some isolates were classified into species of non-luminescent Vibrios despite displaying lumines cence on NA medium. Based from the comprehensive classification by Bryant et al. (1986) , the type strains of V. harveyi and V. campbellii formed a close group. Vibrio campbellii was found to be the dominant species at 16% classified into non-luminescent Vibrio. In the biochemical characterization test, V. harveyi and V. campbellii exhibited uniform characteristics except for the reaction in ornithine decarboxylase.
The most dominant species of luminescent Vibrio with the incidence of 65.5% is V. harveyi. This marine bacterium is commonly found in the water column and in animals living in estuarine and marine environments (Holt et al., 1994) . These results conform with that of Sung et al. (1999) regarding the composition of Vibrio communities in the hepatopancreas of healthy and diseased shrimp. They found that the most dominant species in the hepatopancreas of diseased shrimps were V. harveyi/V. carchariae at 68.2% which is almost the same as our result at 65.5%. The study of Leano et al. (1998) on bacterial flora in the hepatopancreas of shrimp juveniles with luminescent vibriosis also showed that V. harveyi was the most dominant species at 28%. The results of Chen et al. (1992) also indicated that V. harveyi was the most abundant bacterial species isolated from the hepatopancreas of morbid shrimp in Taiwan. Also, the studies mentioned earlier identified a wider range of Vibrio species including several minor species such as we have identified in the present study. Aside from the dominance in the hepatopan creas, V. harveyi and some minor luminescent Vibrios were also found in significant numbers in shrimp pond sediment (Ruangpan et al., 1997) and in rearing water of shrimp ponds (Ruangpan et al., 1995) . Pond sediment and rearing water are considered as part of the major components of culture system that will play a major role in the disease development depending on the level of bacterial load and composition that they may possess.
Due to the dominance of the species during epizoot ics, V. harveyi is thought to be the etiological agent associated with the luminescent vibriosis in pond-cul tured P. monodon in the Philippines as in the case of luminous bacterial disease in hatchery (Lavilla-Pitogo et al., 1990) . Pathogenicity tests showed that exposure of P. monodon larvae and postlarvae to V. harveyi resulted in significant mortality within 48 h to 5 days (Lavilla-Pitogo et al., 1990; Karunasagar et al., 1994; Pizzutto and Hirst, 1995) . Results of the pathogenicity tests indicated that the V. harveyi isolates wre able to produce mortalities at an LD50 of 106 cfu/shrimp. This conforms with the results of Jiravanichpaisal and Miyazaki (1994) and Liu et al. (1996) that V. harveyi isolates are virulent to juve nile and adult P. monodon with the median lethal dose which ranged 104-106 cfu/shrimp. V. campbellii was also pathogenic to P. monodon at an LD50 between 106 and 107 cfu/shrimp.
The virulence displayed by V. campbellii to P. monodon also conforms with the viru lence of V. campbellii-like bacterium to P. indicus (Hameed and Rao, 1994) .
